Mouse skin transplantation is an established in vivo model used to investigate the T-cellmediated immune response of acute allograft rejection. The critical endpoint of this model is complete rejection of the allograft. However, visual judgement of this end stage of rejection is an arbitrary process and difficult to standardize. To overcome this problem, we established a monitoring method based on digital photography. Serial pictures from skin allografts of individual animals (C57BL/6 on BALB/c) were taken with a digital camera mounted on a microsurgical microscope. Thereby, the description and the correct assessment of early stages of rejection were possible due to the magnification of grafts by the microscope. Rejection scores were introduced to describe different stages from retained to completely rejected grafts. With cyclosporine A as a standard immunosuppressive treatment, we showed that early stages of skin rejection were unambiguously identified. This procedure allows the earlier termination of the experiment and reduction of animal distress, and it can be reevaluated anywhere and any time after completion.
The skin transplantation model is used to study the immunological mechanisms of allograft rejection and to characterize the potential of new drugs to suppress T-cellmediated immune responses (Borel et al. 1976 , Lagodzinski et al. 1990 , Yun et al. 2003 . Besides its limited clinical relevance for transplantation in man, this model has some specific advantages. The surgical procedure is rapid, easy to learn, and does not necessarily need microsurgical equipment. Compared with other transplantation models, skin graft rejection is a very reproducible immunological reaction. Nevertheless, the accurate determination of the time point of rejection needs experience and is not unequivocal. To overcome problems with judgement, we established a monitoring based on digital photographs. Thereby, pictures can easily be stored and re-evaluated if necessary. Using this method, blinded judgement of grafts can easily be performed and can be learned without additional experiments on further animals.
Additionally, using cyclosporine as a model compound, we tested if early stages of skin rejection could serve as alternative endpoints compared with complete rejection of the graft.
Our findings suggest that the technical modifications introduced here add ease, reproducibility, and animal experimentation refinement to experimental skin allograft rejection.
Material and methods

Animals and housing
Animals Female and male BALB/c(H2 d ) mice were used as skin graft recipients for this experiment. Gender-matched C57BL/ 6(H2 b ) mice were used as skin donors. The age of the animals was between eight and 12 weeks, weight over 20 g. The skin transplantation experiment conformed to the German animal protection laws and was approved by the Regierungs-prä sidium Freiburg, Germany, Permit No. G-03/47. Environment All racks were kept in the same animal room at a room temperature of 221C, with 55-60% relative humidity, a 12/ 12 h light/dark cycle and a light intensity of 80-120 lux. Radio sound was present during the whole light period.
Housing The animals were kept as pairs in type II Makrolon cages, divided by a perforated metal sheet to avoid a destruction of the bandage and the graft.
Food and water Tap water in drinking bottles and pelleted food (Altromin No. 1314, Altromin GmbH, Lage, Germany) were given ad libitum.
Bedding Wood shavings (40-50 g) were used for bedding. Cages, bedding, and metal sheets were changed every fifth day.
Anaesthesia and analgesia
For anaesthesia, we used an intraperitoneal injection of ketamine (Kemint, ALVETRA GmbH, Neumü nster, Germany), 65 mg/kg body weight (bw), xylazine (Rompun, Bayer AG, Leverkusen, Germany), 13 mg/kg bw, and acepromazine (Ventranquil, A. Albrecht, Aulendorf, Germany), 2 mg/kg bw (Arras et al. 2001) .
Postoperative pain was controlled by subcutaneous administration of buprenorphine (Temgesic, Essex Pharma, Munich, Germany) at a dosage of 0.05 mg/kg bw every 12 h for one day.
Skin transplantation and assessment
Skin transplantation was performed as described in detail by Kellersmann and Zhong (1998) . In brief, syngenic and allogenic (C57BL/6) tail skin transplants were transferred on the back of gendermatched BALB/c recipients. The graft was fixed with six stitches, covered with Vaseline gauze and fixed by a bandage. The bandage was removed on the seventh postoperative day. From this day on photographs were taken daily with a digital camera (Coolpix 995, Nikon, Japan), mounted on an operating microscope, until the graft was rejected completely, or for a maximum of 21 postoperative days.
The photographs of each mouse were collected in a separate folder. The pictures within a folder were assessed prospectively in chronological order (ThumbsPlus, SAD GmbH, Ulm, Germany). Different scores (Table 1) were used to define intact grafts, early stages of rejection, up to complete graft rejection. The different scores describe rejection by the area that was destroyed by the immune system of the host. Lesions associated exclusively with the operation or handling can usually be distinguished from those that have no impact on the score. In order to analyse differences between the scoring persons, the assessment was Laboratory Animals (2005) 39
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F Schwoebel et al. Complete rejection (>95%) *Rejection is described as percentage of total graft area. Any artificial lesion, e.g. by the suture or suture material, or any trauma is excluded from evaluation repeated by two additional observers. As an introduction, these persons were trained using 100 extra photographs of graft rejections.
Immunosuppressive treatment
Cyclosporine was obtained in the oral clinical preparation (Sandimmune Optoral, Novartis Pharma GmbH, Nü rnberg, Germany) and diluted with drinking water in glass tubes. Doses of 10, 30, and 50 mg/(kg bw Â day) were administered by gavage each day at 10:00 h from the day of grafting until complete rejection.
Statistics
All graft survival curves were calculated by the Kaplan-Meier method, using the GraphPad Prism software (GraphPad Software Inc., San Diego, USA). For graft survival analysis, the logrank test was used.
Since two data-sets were compared, this test is equivalent to the Mantel-Haenszel test. The median graft survival time (MST) is the time at which half of the subjects have reached the respective score.
Results
Assessment of grafts by photographs
Syngenic transplants served as controls for the surgical technique. As shown in Figure 1 , all transplants survived the complete observation period of 21 days. In allogenic transplants (with a major histocompatibility mismatch), rejection times between seven and 10 days were observed, in line with published results (Gardner 1995) . In our experiments, the MST for allografts was nine days (Figure 1 ). Comparable results were obtained when 4% Methocel (Hypromellose, Methocel E15, Colorcon, Idstein, Germany) was applied as vehicle control (Table 2) . These results show that assessment by photographs (supported by a 15-fold magnification of the graft) adds ease and accuracy to the quantification of skin graft rejection and can therefore serve as an alternative compared with the conventional method. As one example of the skin rejection process, pictures from a cyclosporine-treated mouse and the respective scores are shown in Figure 2 .
Comparison of graft scores
The standard endpoint in skin transplantation experiments is the complete rejection of grafts. Based on the digital imaging material, we retrospectively tested whether early signs of rejection can be used to describe skin graft rejection, in order to reduce MSTs and subsequently duration of experiments. In vehicle-treated mice, graft survival curves obtained with the rejection scores 1-4 were compared statistically with score 5 describing complete rejection (Table 2) . Graft survival curves obtained by scores from 1 to 3 were significantly different from the one with score 5. The MST was reduced from nine to eight days with scores 3 and 2. A decrease of two days was achieved with score 1, representing a MST reduction of 22%. This result shows that experiments could be shortened up to two days using early signs of rejection as an endpoint.
Comparison of observers
One advantage of the assessment of skin grafts by photographs is that blinded judgement by additional observers can easily be done. We compared the scores given by observer A with the ones obtained by two additional observers (B and C). Afterwards, graft survival curves obtained from analyses of observers B and C were statistically compared with the ones of observer A to see if significant differences may exist (Table 3) . For all endpoints and observers, no significant difference could be found by comparing graft survival curves. Based on these findings, we conclude that our technique adds ease and flexibility in the assessment of skin graft rejection.
Cyclosporine treatment
To check our method in a pharmacological experiment, we assessed pictures from animals treated with cyclosporine A. The question was whether effects and results from statistical analysis observed with the final score 5 (complete rejection) could already be seen with scores based on earlier signs of rejection. Therefore, the data obtained by the new endpoints were analysed statistically as graft survival curves by the logrank test.
The results in Table 4 indicate that early signs of rejection can be used as well as complete rejection to characterize the pharmacological properties of test compounds without loss of significance. The results of the statistical analysis (P values) for cyclosporine A doses of 10, 30, and 50 mg/kg were comparable, independent of the graft score used (Table 4b ). In addition, a reduction of the MST was seen when lower rejection scores were used (Table 4a ).
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Discussion
The assessment of skin graft rejection introduced in this article has the major advantage that the duration of animal experiments can be reduced, compared with the conventional method of characterizing rejection of grafts. This was due to the fact that early rejection signs were related to a reduced MST, while this reduction had no impact on the result of the graft survival curve comparison with the logrank test. Based on the results with cyclosporine A, we are confident that this method can also be used to characterize other immunosuppressive drugs. However, in each individual setting (mechanism of action and compound class) this characterization should be performed by a documentation of the entire rejection process first, because early stages of rejection might be transient in rodent transplantation models. In this way, a rash and too early termination of the experiment can be circumvented. In addition, it should be mentioned that the presented technique, up to now, is just based on the macroscopic assessment and was not confirmed by histological findings. If comparable results can be obtained also with drugs other than cyclosporine A, a correlation with histological data would further strengthen the usefulness of this technique.
A particular improvement of our methods concerns the quality of the assessment by treatment-blinded observers. Our results with three different observers indicate that the assessment can be performed in a very reproducible way. Additional observers are able to assess the pictures at later time points and out of the laboratory, because the files can easily be stored or sent by e-mail if necessary. Thereby, we reach independence of time point of judgement.
The disadvantages associated with the modified method include additional need of time and equipment to assess the results. A microsurgical microscope and a digital camera exceed the standard equipment of some laboratories; however, adding significant reproducibility to the grafting process compensates these drawbacks.
With respect to the grafting technique, we sutured the grafts instead of using tissue glue. However, readers are free to use tissue glue instead, since it has been suggested to be superior to sutures in skin transplantation (Saltz et al. 1991 , Brown et al. 1992 , Jabs et al. 1992 .
Our study clearly demonstrates significant advantages of the methodology, both for the researcher and for the experimental animal. We now plan to extend and corroborate our findings on other mouse strains, with histopathology, and by choosing other immunosuppressive drugs. The tables present the results of graft survival curve analysis. Survival curves for every score were generated. The P values were obtained by comparison of control and treatment survival curves for the indicated scores
